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doi:10.1016/j.jfma.2011.09.023Background/Purpose: Reduced bladder capacity and compliance in patients with end-stage
renal disease (ESRD) may affect storage and voiding function after kidney transplantation. This
study evaluated the bladder capacity, compliance, and lower urinary tract dysfunction in ESRD
patients with duration after dialysis and anuria.
Methods: Adults with ESRD on kidney transplantation waiting list were consecutively enrolled.
The survey items included videourodynamic study (VUDS), renal ultrasound, and cystoscopy.
The analytical variables assessed included the duration of dialysis, the duration of anuria,
cystometric bladder capacity and bladder compliance, voiding phases in VUDS, and cystoscopic
findings.
Results: A total of 62 patients with a mean dialysis duration of 58.9  6.3 months were
enrolled. The mean cystometric bladder capacity was 178  14 mL and decreased significantly
with duration of dialysis (p < 0.001). Anuria was diagnosed in 26 patients, and the mean cysto-
metric bladder capacity decreased significantly with the duration of anuria (p Z 0.002).
Among the 26 patients with anuria, 16 had a poor bladder compliance. VUDS revealed
abnormal storage function in 44 (71.0%) patients and bladder outlet obstruction due to bladder
neck dysfunction or urethral narrowing in the voiding phase in 32 (51.6%). Abnormal cysto-
scopic findings were also noted in 30 (48.4%) patients.
Conclusion: Cystometric bladder capacity and bladder compliance decreased with longer dura-
tion of dialysis, and the presence of anuria contributed to further decreases in cystometric
bladder capacity and bladder compliance. More than two-thirds of patients with ESRD had
abnormal findings on VUDS.
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210 J.-L. Chen et al.Introduction by subtracting the Pabd from the Pves electronically. A C-armEnd-stage renal disease (ESRD) has a significant impact on
public health and health care costs.1 A comparison of
international data using the United States Renal Data
System revealed that Taiwan had the highest incidence of
ESRD and the second highest prevalence rate in the world
during the period 2002 to 2005.2,3
Loss of normal physiological distention of the bladder
results in reduction in bladder capacity. Patients with ESRD
are prone to develop urinary bladder-related problems,
such as small bladder capacity and low bladder compliance.
The bladder capacity in patients with ESRD shrinks with the
time of ESRD (300 mL in 5 years and 150 mL in 15 years) and
vesicoureteral reflux (VUR) or ureteral stricture is more
frequent in a smaller bladder.4 Patients with ESRD of longer
than 15 years show more diffused atrophic bladder (60%)
than patients with ESRD of shorter than 4 years.5
Oliguria and anuria can conceal anatomic or functional
defects of the lower urinary tract. Although a defunctional-
ized bladder will achieve normal bladder size once urinary
output returns to normal after allograft kidney trans-
plantation,4,6 urinary frequency, urgency, urgency inconti-
nence, VUR, or hydroureteronephrosis with increased
intravesical pressure may develop due to the small capacity
and poor compliance of the bladder. A poor compliant
bladder may result in an increased incidence of urinary tract
infection (UTI) and subsequently affect graft survival.7
The relationship between the reduction in bladder
capacity and bladder compliance with the duration of oli-
gouria or anuria in patients with ESRD remains largely
unknown. This is a descriptive study to evaluate ESRD with
factors of years after dialysis and anuria status to assess
the bladder capacity, compliance, and lower urinary tract
dysfunction in 62 cases.
Materials and methods
From January 2009 to September 2010, we consecutively
enrolled adult patients with ESRD who were on the kidney
transplantation waiting list. The institutional review board
of the hospital approved this study. Patients with congen-
ital anomalies in the urinary tract and those with neuro-
logical deficits such as spinal cord injury or neuropathies in
the central nervous system, and patients with symptomatic
UTI, hematuria, fever, or history of urinary tract malig-
nancy were excluded.
Evaluations included history taking, physical examina-
tion, videourodynamic study (VUDS), cystoscopy, and renal
ultrasound. Urine analysis was performed to rule out UTI in
patients with miction pain, hematuria, or fever. During the
VUDS, patients were placed in a supine position, and a 6F
transurethral dual-channel catheter was inserted into the
urinary bladder to record the intravesical pressure (Pves).
Postvoid residual urine (PVR) volume was measured. After
inserting a 10F rectal balloon catheter to measure the
intraabdominal pressure (Pabd) and placing perineal surface
electrodes for external sphincter electromyography (EMG),
cystometrography and cystography were concomitantly
performed by infusing 20% urographin in saline at a rate of
10e20 mL/min. The detrusor pressure (Pdet) was calculatedcinefluoroscope was used to visualize the bladder neck and
urethra during the filling and voiding phases. The Pves, Pabd,
Pdet, flow rate, EMG, flow volume, and voiding cystour-
ethrogram were then simultaneously monitored throughout
the examination. The higher maximum flow rate (Qmax)
value from free uroflowmetry and pressure flow studies was
selected to represent the parameter of uroflowmetry. The
smaller of the two values for PVR recorded before and after
VUDS was selected for the PVR.
The terminology used in this study was in accordance
with the recommendations of the International Continence
Society (ICS).8 All patients underwent VUDS to determine
their bladder profiles including bladder storage condition
[cystometric bladder capacity, bladder sensation, bladder
compliance, and presence of detrusor overactivity (DO)],
voiding condition (Qmax, Pdet at Qmax), EMG recording, and
voiding cystourethrography.
Bladder outlet obstruction was defined when a Pdet at
Qmax was greater than 50 cmH2O in men and greater than 35
cmH2O in women during voiding.
9 Cinefluoroscopic voiding
cystourethrography was used to identify the site of obstruc-
tion. The presence of VUR was confirmed by cinefluoroscopy
during VUDS. Cystoscopy was also performed to exclude
possible low urinary tract anomalies such as bladder malig-
nancy, bladder neck contracture, or urethral stricture. A
3-day regimen of oral antibiotics was administered as
prophylaxis against possible UTI introduced by VUDS or
cystoscopy.
The variables analyzed in this study included gender, time
from initial maintenance renal dialysis, time to anuria
(defined as a daily urinary output less than 100 mL), cysto-
metric bladder capacity, bladder compliance, storage and
voiding conditions during VUDS, and cystoscopic findings.
Descriptive statistics are expressed as mean  standard
deviation or percentage. The Student t-test was used for
between-group comparisons, the paired t-test was used for
longitudinal comparisons, and linear regression was per-
formed to analyze the relationship between bladder condi-
tion and dialysis duration. A p value <0.05 was considered
statistically significant. All statistical analyses were per-
formed on a personal computer with the statistical package
SPSS for Windows (Version 10; SPSS Inc., Chicago, IL, USA).Results
The cohort of ESRD patients comprised 37 women and 25
men. The mean age was 47.2  1.6 years at the time of the
survey. The mean duration of dialysis was 58.9  6.3
months. All patients had received renal biopsy which
showed end-stage renal change. The etiology of ESRD was
chronic glomerulaonephritis in 32 (51.6%) while unknown in
the others. None of these patients had renal failure due to
chronic diabetes, urological causes, or neurogenic bladder.
The mean cystometric bladder capacity was 178 
14.0 mL (range, 16e477 mL) and decreased significantly with
duration of dialysis (p < 0.001). Small cystometric bladder
capacity (less than 100 mL) was detected in 21 (33.9%)
patients; 20 (32.3%) had poor bladder compliance (less than
10); and 13 (21.0%) had both a small bladder capacity and
poor bladder compliance. Linear regression analysis also
Table 1 Characteristics of 62 patients with end-stage
renal disease on a kidney transplant waiting list.
Gender 37 females,
25 males
Age (years) 47.2  1.6
Cystometric bladder capacity (mL) 178  14.0
Time from initial dialysis (months) 58.9  6.3
Patients with Anuriaa (%) 26 (41.9%)
Patients with a small bladder capacityb (%) 21 (33.9%)
Patients with a small and poor compliant
bladderc (%)
20 (32.3%)
a Anuria: daily urinary output less than 100 mL.
b Small bladder capacity: cystometric capacity less than
100 mL.
c Poor bladder compliance: bladder compliance less than 10.
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capacity and bladder compliance with time of ESRD and
dialysis (Fig. 1). Among the 62 ESRD patients, 26 (41.9%)
had anuria, and the mean cystometric bladder capacity
decreased significantly with the duration of anuria
(p Z 0.002). Among the 26 patients with anuria, 16 (61.5%)
had poor bladder compliance (Table 1). The bladder condi-
tions did not show any difference between male and female
gender.
The duration of dialysis was significantly longer among
patients with a cystometric bladder capacity smaller than
150 mL (76.2  9.71 months) than among patients with
a capacity greater than 150 mL (41.5  6.87 months;
p Z 0.03). In addition, the duration of anuria was signifi-
cantly longer among patients with a cystometric bladder
capacity smaller than 150 mL (35.4  7.25 months) than
among patients with a capacity greater than 150 mL
(3.35  2.10 months; p < 0.001). There was also a signifi-
cant difference in the duration of anuria (8.64  3.23 vs.
41.9  9.73 months; p < 0.001) and the mean cystometric
bladder capacity (217  17.1 vs. 98.0  10.9 mL; p < 0.001)
between patients with normal bladder compliance and
those with poor bladder compliance. Patients with anuria
had a significantly smaller cystometric bladder capacity
than patients without anuria (102  12.0 vs. 237  17.5 mL;
p Z 0.002) (Table 2).Figure 1 Results of linear regression analysis showed
a significant decrease of (A) cystometric bladder capacity and
(B) bladder compliance with time of ESRD and dialysis.During VUDS, 44 (71.0%) patients were found to have
abnormal storage capacity (34 had DO or bladder hyper-
sensitivity) and 32 (51.6%) were found to have bladder
outlet obstruction due to bladder neck dysfunction or
urethral narrowing in the voiding phase. Among them, three
had bilateral VUR. Renal ultrasound revealed abnormal
findings in four patients (right renal stones in three patients
and bilateral hydronephrosis in one patient) in addition to
small renal size.
Abnormal cystoscopic findings were noted in 30 (48.4%)
patients (bladder urothelial carcinoma in 1 patient, mucosa
fissures in 13, trabeculated bladder wall in 11, polyp at the
bladder dome in 1, bloody ejection from the left ureteral
orifice in 1, and bladder diverticulum in 5). Among the 20
patients with poor bladder compliance, seven (35%)
patients had cystoscopic evidence of glomerulation or
mucosa fissures. Persistent gross hematuria after VUDS and
cystoscopy was noted in three patients. The generalized
bladder mucosa fissures and hematuria subsided within 1
week in all patients. None of the patients developed UTI or
fever after the urodynamic or cystoscopic studies.Discussion
Prolonged ESRD can result in small bladder capacity and
poor compliance, conditions that may compromise kidney
function after kidney transplantation. We found that cys-
tometric bladder capacity decreased with the duration of
oligouria or anuria in patients with ESRD. Linear regression
analysis also revealed that the cystometric bladder
capacity significantly decreased with the duration of dial-
ysis. Similar results were reported by Martin et al,4 and
Ushigome et al5 reported that atrophic bladder is a common
condition among patients with prolonged ESRD.
We also found that bladder compliance deteriorates in
patients with prolonged duration of ESRD. It has been
shown that poor bladder compliance may contribute to
renal impairment after kidney transplantation.7,10e12 We
found that anuria further decreases the cystometric
bladder capacity and bladder compliance in patients with
prolonged ESRD. Linear regression analysis revealed that
bladder compliance was significantly reduced with the
duration of dialysis. A small and poorly compliant bladder
may be the result of a loss of normal physiological bladder
Table 2 Cystometric capacity, bladder compliance, and anuria status among the 62 ESRD patients.
Age Time from
dialysis (mo)
Time from
anuria (mo)
Cystometric
capacity (mL)
Bladder
compliance
Capacity (N)
&150 mL (31) 48.3  2.76 76.2  9.71 35.4  7.25 d 33.4  8.78
S150 mL (31) 46.0  1.72
p Z 0.008*
41.5  6.87
p Z 0.03*
3.35  2.10
p < 0.001*
d 38.4  8.50
p Z 0.215
Compliance (N)
&10 (20) 52.0  3.25 99.8  11.7 41.9  9.73 98.0  10.9 d
S10 (42) 44.9  1.74
p Z 0.249
39.4  5.30
p Z 0.054
8.64  3.23
p < 0.001*
217  17.1
p < 0.001*
d
Anuria (N)
Yes (26) 47.0  2.66 d d 102  12.0 21.7  6.73
No (36) 47.3  2.06
p Z 0.336
d d 237  17.5
p Z 0.002*
46.2  8.94
p Z 0.215
* p < 0.05.
mo Z months; N Z patient objectives.
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Medical treatment or surgical intervention may be required
in patients with a prolonged history of ESRD and small
bladder capacity, poor bladder compliance, and anuria
before undergoing kidney transplantation.
We found that more than half of the patients with ESRD
had both storage and voiding phase abnormalities. Our
findings are similar to those reported by Zermann et al,13
who noted that DO was present in 48% of patients with
ESRD, and that 77% of patients presented with lower tract
abnormalities.13 Oliguria and anuria can thus easily conceal
anatomical or functional defects of the lower urinary tract.
In addition, it has been reported that urinary frequency and
nocturia persist in the majority of patients after kidney
transplantation.14 Meticulous evaluation of the origin of
bladder dysfunction as well as appropriate medical or
surgical intervention may be required before kidney trans-
plantation in order to improve quality of life after operation.
Long-term ESRD can lead to morphological changes in
the bladder, especially transitional cell carcinoma which is
highly prevalent in chronic dialysis ESRD patients in
Taiwan.15,16 In this study, mucosa fissures were noted in
eight (22.2%) patients during cystoscopic examination.
Furthermore, the majority of patients (6 of 8) with mucosa
fissures had poor bladder compliance, which may have been
caused by chronic inflammation of the bladder due to
prolonged ESRD. In addition, we found a positive correla-
tion between trabeculated or diverticulum change in the
bladder wall and bladder dysfunction. These changes in the
bladder structure may indicate an irreversible change in
bladder function after long-term ESRD.
Immunocompromised ESRD patients who undergo invasive
interventions (i.e., VUDS and cystoscopy) are at increased
risk for serious complications. In our study, however, the
most serious complication was hematuria. There were no
cases of UTI. Urodynamic and cystoscopic evaluations
provide valuable information in the assessment of bladder
conditions in patients with prolonged ESRD patients. There-
fore, we propose that the benefits of undergoing those
studies outweigh the risks, especially for patients on a kidney
transplantation waiting list.Although small bladder capacity (less than 100 mL)
in ESRD patients was not found to result in a non-distended
bladder at 1 year after kidney transplantation, the bladder
capacity was significantly smaller than those having
a bladder capacity of 100 mL or more.6 The surgical
complication and risk of graft loss did not show any significant
increase in patients with small bladder capacity.4,6 This study
found 22.2% of patients had bladder morphological change
and even higher in the compliance change. These bladder
dysfunctions might have influence on the voiding function
after kidney transplantation. We believe that careful uro-
dynamic and cystoscopic assessments in patients on a kidney
transplantation waiting list is necessary in order to identify
these high-risk patients and reduce the risk of allograft
dysfunction caused by lower urinary tract problems.
The limitation of this study is the lack of data on bladder
function after kidney transplantation in these high-risk
patients. Because most of the patients were in the wait-
ing list of kidney transplantation, we cannot provide data to
support our results. Further study of bladder dysfunction in
these high-risk patients after kidney transplantation is
necessary.
Conclusions
Prolonged ESRD can lead to small bladder capacity, poor
bladder compliance, and lower urinary tract dysfunction,
such as DO or bladder outlet obstruction. The natural course
of bladder dysfunction needs to be evaluated by careful
urodynamic and cystoscopic assessments in prolonged ESRD
patients on a kidney transplantation waiting list.
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